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Recent successful explorations of Mars and
Venus atmospheres by numerous spacecraft and
ground-based telescopes have suggested their
active photochemistry and dynamics.
Characteristics of spatial and temporal variations
of temperature, wind, and atmospheric
constituents are essential to understand the
photochemistry and dynamics. From April 2017
to March 2019, Japan-Belgium collaboration
program, AMAVERO (Exploring the
Atmosphere of MArs and VEnus with Remote
Observations: A Belgium-Japan partnership) is
running. In this project, we study the following
aspects. (1) 3D distributions (i.e., spatial variation
+ vertical profiles) of temperature, wind, and
trace gases on Mars, and (2) those at the middle
atmosphere (from the cloud top to the upper
atmosphere, 60-140 km) of Venus.

These objectives are achieved by collecting
observational datasets from Belgium and Japan.
Belgian side provides the data taken by European
Mars orbiter Mars Express (MEx) and Trace Gas
Orbiter (TGO), and Venus Orbiter Venus Express
(VEx). From Japan, we provide the data taken by
ground-based and spaceborne telescopes with
Japanese Venus Orbiter Akatsuki. Moreover, we
share tools to analyze the observational datasets,
and develop the numerical models of the
atmospheres to interpret the observational results.
We are executing the following researches based
on the exchange of young research staffs,
postdocs, and graduate school students: (1)
Collaboration of ground-based observations by
ALMA sub-mm array, SOFIA IR airborne
telescope, and MIRAHI IR  heterodyne
spectrometer. (for Mars + Venus). (2)

Development of Limb retrieval code JACOSPAR
for the utilization to ExoMars Trace Gas Orbiter
and its test application for H2O vertical profile
derived from Mars Express data. (for Mars: to be
appeared in this meeting as Toyooka et al.). (3)
Distribution and dynamics of Venusian
atmosphere observed by Akatsuki IR imagers.
(Venus). (4) The inter-comparison of Venusian
and Martian GCMs with cloud and water cycles
in different approaches. (for Mars + Venus) (5)
Variation of the homopause and atmospheric
composition in the upper atmosphere with the
comparison between VEX/SOIR + MAVEN +
TGO with numerical simulations.

This project was generated from the long-term
collaborations between Japan and European
groups for Mars and Venus sciences associated
with Mars Express (2003-), Venus Express
(2005-2015), CrossDrive project (Collaborative
Virtual Environments for Mars Science Analysis
and Rover Target Planning, 2014-2016),
ExoMars TGO (2016-), with groundbased and
numerical simulation works. In this meeting, we
show the progress and the activities on-going in
this project related to Mars Express and ExoMars
with the link to MAVEN. In 2018, hot studies are
now executed for the Martial global dust storm
occurred in summer. Now, we try to extend this
project with additional two years in order to cover
the full TGO observational activities linked to
(1)-(5). Those activities will be extracted to the
collaboration of future missions in Japan (e.g.
MMX) and Europe (e.g. M4 Venus mission
study).

Although this project finishes in March 2019, we
try to continue and expand the activities for future.
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~ Long recovery road from Nozomi, to the Collaboration with Europe + USA ~

ESA ExoMars Trace Gas Orbiter: Full activity from Spring 2018
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Trace Gases: CH,, CO, O,, O,, H,O, HDO, H,0,, etc. :
3-D spatil: longitude, latitude, Dawn-Dusk terminators are covered

1-D temporal: ( , seasonal, & inter-annual) by ‘solar occultation’ observations.

High reso]ution spatial)
Top of atmosphere
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\Y| L}S. N[R(_), Mars Expl‘CSS_, s ExoMars 2016 MIR 0,23°x0,02°
, ExoMars 2018, Mars 2020 TIR @2.5°
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Japan-Belgium collaboration in 2017-2018 FY

AMAVE RO (Exploring the Atmosphere of MArs and VEnus with Remote Observations: A Belgium-Japan partnership)
[supported by JSPS (Japan) + F.R.S .-FNRS (Belgium)]

*Belgium Mars orbiter ESA Mars Express (MEx)
ESA ExoMars Trace Gas Orbiter (TGO)
Venus Orbiter ESA Venus Express (VEx)
* Japan Mars orbiter NASA MAVEN
Venus Orbiter JAXA Akatsuki ﬁ Mars (CZDOJ;\;;A_)MMX
ground-based / airborne:  ALMA, SOFIA ‘
Tohoku Univ 60cm (Haleakala), ... a
* Both Retrieval Tools for Analyses of observational datasets
Numerical models for Interpretations [+ Predictions / Ancient studies]

- Exchange of young research staffs, postdocs, and graduate school students.

- Mars Express (2003-) [with IAPS]

- Venus Express (2005-2015) [with IASB]

- CrossDrive project (Collaborative Virtual Environments for Mars Science Analysis and Rover Target PIanning)
(2014-2016) [with IAPS, IASB]

- ExoMars Trace Gas Orbiter (2017-) [with IAPS, IASB, IKI]

- ground-based / airborne observations [with IAPS, IASB, IKI, MIPT, ...]

- numerical simulation works [with IASB, MPI, ...]
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Japan-Belgium partnership in 2018-2019

(0) Organizing & Science meetings |
- Science meetings @Japan May/Oct 2017, Jan/Feb 2019
@Belguim etc. June 2017, Feb/Sep 2018

(1) Groundbased / Airborne observations — Mars & Venus

- Heterodyne+MAVEN @Belgium June 2017
- ALMA analyses @Japan Nov 2017, Feb 2019
- SOFIA analyses @Japan Nov 2017
(2) Limb retrieval code toward ‘ExoMars TGO’
- JACOSPAR@Mars @Belgium Feb-Mar. 2018
@Japan Feb 2019
(3) GCM collaborations -- Mars & Venus
- Martian GCM @Belgium June 2017
@Japan Feb 2019
- Paleo-Mars GCM with oceans [Kamada et al., submitted] ¥ e
- Venus GCM with cloud scheme [Kuroda et al., to be submitted] b T G ESAG Spain =%
Spain(March 2018) [£ g ¢
(4) Spacecraft analysis -- Mars & Venus i

- MAVEN > VEX / TGO @Belgium etc. Feb/Oct 2018, Jan/Feb 2019
Closure meeting: as a part of s B2
‘HREBURTCIL @ A (18-21 Feb 2019)

with Belgian colleagues.

(1) Lower atmospheric observations

[eéﬁt‘l—'@pMars 7>

* Observations for HDO/H,O (PI: Encrenaz) and for CH, (P1: Aoki)
executed in Mar. 2016 (Ls: 123) + Jan 2017 (Ls=305).
—> Each slit location requires just over 5-min to detect CH,

ataseveral ppb. ¢y, by MsL: 0.2-1.0 ppb

= o
IRTF/C LL : CH, line at 303 cm™ SOFI : CH, line at 1327. cm™’ F .

1.0 =
. Celestial North

0.8: Mars North Pole ,

e
@

Mars Right 2.5

Transmittance
e
-y

Mars Center

0.2

- : Earth smittance (US standard above 13km)|

{ - : Earth rafaminance (S siandard above 4km) | - L .
transmittance without fain CH, line - : Earth tranmittance yithout main CH, line | L Ty Mars Left 2.5”

transmittance (US stangdard above 4km) |

rs\GH, (10 ppb, dopp: ift = +15kmfs) | 00. ~_- : Miars CH, (Y0 ppb, dgipper shift = +15km/s)

30383 30385 30387 132695 1327.05 1327.15
Wavenumber [cm] Wavenumber [cm] Mars South Pole

IRTF-3m (Mauna Kea, ~4km) | SOFIA-2.5m (~15km) slit positions (Mar 16, 2016)
The first result by ExoMars TGO will be submitted to Nature soon.
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(1) Lower atmospheric observations Robert et al. [EPSC2018-811]

ALMA First observation of Mars with ALMA (PI: S. Aoki
- ~ CO & Wind velocity measurements ~

© NASA/JPL-Caltech

Continuum @ 335 GHz

= Surface temperature map Wngm

(observed on ‘1 & 18 May 2014’)

Mars diameter ~14.5 arcsec

‘ 2018 Dust Storm was also observed on 29 June !!

* Martian dust opacity becomesg@liost transparent
at submm wavelength. Y i
- ALMA can be an unique 0BS@rvatory to
investigate the atmosphericistate
ins‘ide Martian dust storms.

May 28

Analyses works are executing by
Aoki + Severine Robert (IASB) with Sagawa (Kyoto Sangyo Univ.).

® installed at Tohoku Univ. 60cm @ Haleakala. Tohoku Univ. 60cm @ Haleakala
-> Long observation time can be applied.

Sy Nakagawa +
® Spectral Resolution of 10%7 (= 10m/s in velocity) P j \“\‘
at 7-12 um W 2
- full resolution for the narrow trace gases

Not ‘best’ spatial resolution (2.6” at 7 micron)
... still comparable to the SOFIA measurement.
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Observed CO2 non-LTE Spectra: a Quick result

* Remarkable enhancement of the emission line during dust storm.

21-27 June 2018 29-31 Aug 2018 1-6 Sep 2018 1 Oct - 20 Nov 2018
20181 0-11

absorption feature fr?m belﬁw- ; CO; absorption in lower atmosphere !
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Temperature & Wind velocity: now analyzing

» PLANETS 1.8-m off-axis

Ep}ﬁHa&aiﬁmEeTIesﬁpe te I esCco pe https://www.planets.life/

v' Mid-size low-scattering N
light telescope Contribution from us

may be enhanced...
with Nagoya Univ.
Kyoto Univ.

planetary and :

exoplanetary targets

v’ Continuous monitoring
observation of

The PLANETS telescope
project is promoted and will
be operated by the PLANETS
foundation consists of Tohoku
Univ., IfA/UH, KIS, Brazil,
France etc.
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